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Edited by Hans EklundAbstract Odorant-binding proteins (OBPs) are small abundant
soluble proteins belonging to the lipocalin superfamily, which are
thought to carry hydrophobic odorants through aqueous mucus
towards olfactory receptors. Human variant hOBP-2A has been
demonstrated to bind numerous odorants of diﬀerent chemical
classes with a higher aﬃnity for aldehydes and fatty acids. Three
lysyl residues of the binding pocket (Lys62, Lys82 and Lys112)
have been suggested as candidates for playing such a role. Here,
using site-directed mutagenesis and ﬂuorescent probe displace-
ments, we show that Lys112 is the major determinant for govern-
ing hOBP-2A speciﬁcity towards aldehydes and small carboxylic
acids.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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binding protein1. Introduction
Odorant-binding proteins (OBPs) are abundant small solu-
ble proteins secreted in the mucus of a variety of species, from
insects to vertebrates [1] including human beings [2]. Verte-
brate OBPs belong to the lipocalin superfamily. Although lipo-
calins display low sequence similarity, they share a conserved
8-stranded b-barrel scaﬀold, deﬁning a central apolar cavity,
called calyx, whose role is to bind hydrophobic molecules [3].
OBPs reversibly bind odorants with dissociation constants in
the micromolar range and are good candidates for carrying
airborne odorants, which are commonly hydrophobic mole-
cules, through the aqueous nasal mucus towards olfactory
receptors [4,5]. OBP binding properties, investigated in rat,
demonstrated that the three OBP subtypes are specially tuned
toward distinct chemical classes of odorants [6] suggesting a
role in odorant discrimination. Although OBP physiological
function is not clearly understood in vertebrates, their essential
role in eliciting the behavioural response and odour coding
have been clearly demonstrated in the fruit ﬂy [7].Abbreviations: DAUDA, 11-(5-(dimethylaminonaphthalenyl-1-sulfo-
nyl)amino)undecanoic acid; MALDI, matrix assisted laser desorption
ionization mass spectrometry; NPN, N-phenyl-1-naphthylamine; OBP,
odorant-binding protein; TOF, time of ﬂight
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doi:10.1016/j.febslet.2006.03.017By measuring the displacement of ﬂuorescent probes, we
have previously shown that human recombinant variant
hOBP-2A is able to bind numerous odorants of diﬀerent chem-
ical classes with a higher aﬃnity for aldehydes and fatty acids
[2]. We proposed that highest aﬃnity for aldehydes could re-
sult from an interaction between aldehyde function and lateral
chain of a lysyl residue, stabilizing odorant docking. A 3D
model of hOBP-2A suggested that three lysyl residues
(Lys62, Lys82 and Lys112) located in the binding cavity are
good candidates for playing such a role. Here, we report the
comparison of the binding behaviours of the three point mu-
tants (K62A, K82A and K112A) demonstrating that Lys112
is the major determinant of higher aﬃnity of hOBP-2A for
aldehydes.2. Materials and methods
2.1. Mutagenesis procedure and production of hOBP-2A and mutants
The coding sequence of wild-type hOBP-2A [2] was ampliﬁed by
PCR and inserted in Pichia pastoris expression vector pGAPZaa
allowing to secrete hOBP-2A in the culture medium using the yeast
prepropeptide signal from Saccharomyces cerevisiae a mating-factor
under the control of the constitutive glyceraldehyde-3-phosphate dehy-
drogenase promoter. We have previously reported that recombinant
wild-type hOBP-2A secreted by the yeast P. pastoris showed a variable
alkylation of the single free Cys99 (numbering according to the mature
full-length protein) [2]. In apolipoprotein D, this residue has been re-
moved by site-directed mutagenesis without a resultant loss of li-
gand-binding activity [8]. To create a homogeneous recombinant
hOBP-2A, the codons for the unpaired Cys99 and potentially O-gly-
cosylated Thr148 were replaced using sequential steps of PCR muta-
genesis by a Ser and Ala codon, respectively. Using ﬂuorescent
probe displacements, we found that double mutation C99S/T148A
did not aﬀect the ligand binding properties of the protein (data not
shown). The C99S/T148A mutant is referred afterwards as hOBP-
2A. Using this construct as a template, lysyl residues in position 62,
82 and 112 were independently substituted for alanine using PCR, gen-
erating K62A, K82A and K112A mutants. Construct DNA sequences
were conﬁrmed by DNA sequencing using an ABI Prism 310 (PE
Biosystens). The expression plasmids were transferred into the P. pas-
toris X33 strain through electroporating method. hOBP-2A and
mutants were expressed and puriﬁed as described previously [2].2.2. Protein characterization
SDS–PAGE, N-terminal amino acid sequence, mass spectrometry
and circular dichroism analysis were performed as already described
[2]. To ensure that the lysine mutation was the only alteration of
hOBP-2A, unmodiﬁed protein and mutants were submitted to tryptic
digestion and chemical cleavage using cyanogen bromide [2]. In both
conditions, the resulting peptides were analyzed by matrix assisted
laser desorption ionization-time of ﬂight (MALDI-TOF) mass
spectrometry.blished by Elsevier B.V. All rights reserved.
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Fluorophore ligand binding experiments were performed with 2 lM
hOBP-2A solutions in 50 mM K phosphate buﬀer, pH 7.5, as reported
previously [2]. Brieﬂy, the ﬂuorescent probes were dissolved in 100%
MeOH as 1 mM stock solutions. Successive 1-lL N-phenyl-1-naph-
thylamine (NPN) probe aliquots were added to 1 mL of hOBP
solutions. After 3 min incubation time, spectra were recorded at
25 C using a SFM 25 Kontron ﬂuorometer. The excitation wave-
length of NPN and 11-(5-(dimethylaminonaphthalenyl-1-sulfonyl)-
amino) undecanoic acid (DAUDA) were 337 and 345 nm, respectively.
Dissociation constants (Kd) were calculated from a plot of ﬂuorescence
intensity versus concentration of free ligand, obtained with a standard
non-linear regression method as previously described [2].
The competitive binding assays were performed with 2 lM of hOBP-
2A solutions using 3 lM of NPN or DAUDA. After addition of com-
petitor ligands dissolved in 100% MeOH, the ﬂuorescence of probes
was recorded after stabilization of signal (3–4 min). The concentrations
causing ﬂuorescence decay to half-maximal intensity were taken as
IC50 values. The apparent Kdiss values were calculated as Kdiss =
[IC50]/(1 + [L]/Kd) with [L] being the free ﬂuorophore concentration
and Kd the OBP-ﬂuorophore complex dissociation constant. Trypto-
phan ﬂuorescence spectra were recorded between 300 and 400 nm
using an excitation wavelength of 285 nm with 2 lM of hOBP-2A
solutions in 50 mM K phosphate buﬀer, pH 7.5.
2.4. Molecular modelling
Three-dimensional models of hOBP-2A were built as previously de-
scribed [9], using 1.8 A˚ crystal structure of human tear lipocalin [10]
(PDB code 1XKI) except for sequence analysis and pairwise align-
ments performed on the EBI (http://www.ebi.ac.uk/) web site. Models
were minimized using DISCOVER and CFF91 force ﬁeld (InsightII,
Accelrys) and submitted to molecular dynamics simulations in a water
box. Undecanal was built using Biopolymer module (InsighII, Accel-
rys) and manually docked inside hOBP-2A pocket before automated
docking using Autodock3 [11]. The tertiary structure predictions of
rat OBP-2, rat OBP-3 were obtained using the modelling server
http://www.expasy.ch/swissmod/SWISS-MODEL.html [12]. Rat
OBP-1 3D model was built as previously described [9].Fig. 1. Recombinant protein characterization of hOBP-2A and
mutants. (A) SDS–PAGE analysis of puriﬁed hOBP-2A and mutants.
The lane MM shows mass standards. (B) MALDI-TOF mass spectra
of puriﬁed hOBP-2A and mutants. (C) Circular dichroism spectra of
hOBP-2A (solid line), K62A (broken line), K82A (dotted line) and
K112A mutants (half broken and dotted line).3. Results
3.1. Production and characterization of hOBP-2A mutants
In order to identify the lysyl residue involved in the higher
aﬃnity of hOBP-2A for aldehydes, three single-mutations
K62A, K82A and K112A were independently introduced into
hOBP-2A using site-directed mutagenesis. Proteins were se-
creted using the yeast P. pastoris and puriﬁed as already de-
scribed [2]. In all the puriﬁcation steps, recombinant mutants
behaved like hOBP-2A protein. After puriﬁcation, homoge-
neous proteins were obtained as shown by SDS–PAGE
(Fig. 1A), and ascertained by N-terminus sequencing. Typical
puriﬁcation yields were in the range of 4–8 mg per litre of cul-
ture. In order to test the integrity of hOBP-2A mutants, puri-
ﬁed proteins were submitted to mass spectrometry analysis.
MALDI-TOF mass spectra (Fig. 1B) showed for each protein
a major peak exhibiting a molecular mass of 17732.5, 17732.4
and 17730.3 Da for K62A, K82A and K112A mutants, respec-
tively. These measured masses were in agreement with molar
masses calculated assuming the replacement of one lysyl resi-
due for an alanine residue (17727.3 Da). To ensure that the ly-
sine mutation was the only alteration of hOBP-2A, proteins
were submitted to trypsolysis and the resulting peptides were
analyzed by MALDI-TOF mass spectrometry. Because trypsin
cleaves Lys-X and Arg-X bonds, substitution of lysine for ala-
nine knocks out a proteolytic cleavage site and consequently
alters peptidic mass map of hOBP-2A. As expected, trypsinol-
ysis of hOBP-2A and K82A mutant gave diﬀerent peptides,identiﬁed as Leu83-Lys100 (2164.09 Da) and Ala82-Lys100
(2235.11 Da), respectively. In each case, measured masses were
in perfect agreement with the calculated value. Because tryptic
peptides containing K62A and K112A substitutions were too
small to be identiﬁed using MALDI-TOF mass spectrometry,
the corresponding proteins were submitted to chemical cleav-
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taining substitution were in perfect agreement with their theo-
retical molecular weights. Peptide Arg55-Met66 mass changed
from 1555.88 Da for hOBP-2A to 1498.82 Da, for K62A and
peptide Gly111-Met144 mass was found to be 3778.88 Da
for K112A mutant instead of 3836.04 Da for hOBP-2A. Tak-
ing together, all these data demonstrated that the mass reduc-
tion of the mutated proteins only originated in lysine–alanine
substitution at expected positions.Fig. 2. NPN and DAUDA ﬂuorescence binding assay. Titration curves of N
K112A mutants (d). Fluorescence emission spectra were recorded at 25 C a
wavelengths of 337 and 345 nm. Protein concentration was 2 lM. NPN and D
and DAUDA (D) with undecanal. Excitation, emission wavelengths and pro
3 lM. Fluorescence of probe-protein complexes were assigned to 100% in
DAUDA (F) with palmitic acid. Experimental conditions were as above.Far-UV CD spectra of hOBP-2A and mutants showed that
all proteins were well conformed and had very close secondary
structures (Fig. 1C). The shape of the spectra, i.e., the maxi-
mum and minimum, respectively, at 195 nm and 215 nm, are
typical of a fold with a high content of b-structure, indicating
that mutations did not aﬀect protein folding. Tryptophan ﬂuo-
rescence spectroscopy is a very sensitive tool for probing struc-
ture and conformational changes of proteins. hOBP-2A
contains a conserved single tryptophan residue (Trp14) locatedPN (A) and DAUDA (B) for hOBP-2A (s), K62A (h), K82A (j) and
t 400 and 490 nm for NPN and DAUDA, respectively, with excitation
AUDA formulas are inserted. Competitive binding assays of NPN (C)
tein concentrations were as in (A) and (B). Probe concentrations were
absence of competitor. Competitive binding assays of NPN (E) and
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highly dependent from environmental diﬀerences. Tryptophan
ﬂuorescence spectra of each protein were not signiﬁcantly dif-
ferent (data not shown), conﬁrming that the mutagenesis of ly-
syl residues did not change the three-dimensional
conformation of hOBP-2A.
3.2. NPN and DAUDA titrations
To measure the binding aﬃnities of hOBP-2A and mutants
for odorants, we ﬁrst measured the ability of these proteins
to bind the ﬂuorescent probe NPN and the fatty acid ﬂuores-
cent analog DAUDA, as previously reported [2]. As shown in
Fig. 2A and B, titration of hOBP-2A and mutants with NPN
and DAUDA were saturable with one binding site per mono-
mer. The dissociation constants for NPN were found to be
comparable with Kd values of 2.24 ± 0.77, 3.27 ± 0.77,
3.01 ± 1.66 and 6.78 ± 1.76 lM for hOBP-2A, K62A, K82A
and K112A mutants, respectively. For DAUDA, the dissocia-
tion constants were observed to be also similar with Kd values
of 2.91 ± 0.24, 3.02 ± 0.76, 3.29 ± 0.26 and 3.42 ± 1.05 lM for
hOBP-2A, K62A, K82A and K112A mutants, respectively.
3.3. Fluorescent probe displacement by undecanal and palmitic
acid
To evaluate the impact of mutagenesis, we ﬁrst tested the
ability of the strongest ligands for hOBP-2A (undecanal and
palmitic acid) to displace NPN [2]. As shown in Fig. 2C, for
hOBP-2A, K62A and K82A mutants, the ﬂuorescence inten-
sity of the hOBP-NPN complexes were severely reduced by
addition of undecanal with Kdiss values of 0.21, 0.27 and
0.28 lM, respectively. Interestingly, only a weak decrease of
NPN ﬂuorescence emission was observed with increasing con-Table 1




Hexanal (C6) 4.42 ± 1.20
Heptanal (C7) 1.16 ± 0.03
Octanal (C8) 0.69 ± 0.15
Nonanal (C9) 0.38 ± 0.06
Decanal (C10) 0.46 ± 0.07
Undecanal (C11) 0.21 ± 0.01
Dodecanal (C12) 0.97 ± 0.24
Tridecanal (C13) 0.17 ± 0.05
Other aldehydes
3-Ethoxy-4-hydroxybenzaldehyde 4.22 ± 1.10
4-Hydroxy-3-methoxy-benzaldehyde 3.67 ± 0.47
Benzaldehyde 3.59 ± 0.36
Paramethoxybenzaldehyde 3.26 ± 0.45
3-Phenyl-2-propenal 1.79 ± 0.29
3,7-Dimethylocta-2,6-dienal 1.15 ± 0.19
Aliphatic acids
Octanoic acid (C8) 5.05 ± 1.52
Nonanoic acid (C9) 2.75 ± 0.27
Decanoic acid (C10) 1.98 ± 0.41
Dodecanic acid (C12) 0.63 ± 0.08
Myristic acid (C14) 0.71 ± 0.24
Palmitic acid (C16) 0.74 ± 0.14
Aﬃnity constants (Kdiss) are the mean of at least three independent competitiv
dissociation constant obtained by Kdiss = [IC50]/(1 + [L]/Kd) with [L] for the f
OBP-probe complexes. Experimental procedures were those of Fig. 2.centration of undecanal for the K112A mutant, which exhib-
ited a Kdiss value of 2.52 lM (Table 1). In contrast, palmitic
acid exhibited very similar NPN displacement properties for
all proteins (Fig. 2E) with close Kdiss values clustered between
0.36 and 0.74 lM (Table 1). To conﬁrm these results, we also
determined the ability of undecanal and palmitic acid to dis-
place DAUDA (Fig. 2D and F). As observed with NPN,
hOBP-2A, K62A and K82A mutants, exhibited similar unde-
canal competiting behaviour with Kdiss values of 0.13, 0.30,
and 0.14 lM, respectively. As expected, K112A mutant exhib-
ited a higher Kdiss value (1.01 lM), also indicating a lower
aﬃnity for undecanal. In the case of palmitic acid, hOBP-
2A, K62A, K82A and K112 mutants exhibited similar DAU-
DA displacement properties (Fig. 2F) with Kdiss values of
0.17, 0.27, 0.18 and 0.16 lM, respectively. Since all dissocia-
tion constants were comparable whatever the probe used, we
monitored only the displacement of NPN to measure the bind-
ing aﬃnities of mutants for other odorants.
3.4. NPN displacement by aldehydes and aliphatic acids of
increasing size
We investigated the ability of aldehydes of diﬀerent size
(from 6- to 13-carbon chain length) to displace NPN. As ob-
served with undecanal, for all aliphatic aldehydes, K62A and
K82A mutants behaved like hOBP-2A. For eﬃcient aldehydes
(from 7- to 13-carbon chain length), these proteins exhibited
also very close Kdiss values for each tested ligand (Table 1).
As expected, K112A mutant exhibited a dramatically decrease
of aﬃnity for eﬃcient aldehydes, with a 3.0- to 17.6-fold in-
crease of their Kdiss values (Table 1) with a higher impact ob-
served with nonanal (9-carbon chain length). To investigate
steric hindrance inﬂuence on binding properties, we also testedK62A K82A K112A
5.61 ± 1.50 5.30 ± 1.35 6.97 ± 1.02
1.35 ± 0.25 0.72 ± 0.25 7.00 ± 3.08
0.70 ± 0.13 0.54 ± 0.19 3.95 ± 1.67
0.41 ± 0.04 0.22 ± 0.02 6.70 ± 2.82
0.26 ± 0.01 0.31 ± 0.01 4.90 ± 1.95
0.27 ± 0.04 0.28 ± 0.07 2.52 ± 0.48
0.36 ± 0.08 0.34 ± 0.11 2.91 ± 1.20
0.21 ± 0.04 0.15 ± 0.01 0.63 ± 0.01
5.57 ± 2.22 5.51 ± 1.64 6.70 ± 0.63
4.10 ± 0.35 4.90 ± 0.51 6.62 ± 1.51
3.33 ± 0.01 6.46 ± 0.29 4.65 ± 2.85
3.49 ± 0.51 5.26 ± 1.99 5.10 ± 3.67
2.83 ± 0.71 2.10 ± 0.65 4.77 ± 0.32
1.40 ± 0.23 0.91 ± 0.05 6.93 ± 3.06
5.28 ± 1.38 4.34 ± 1.41 6.20 ± 1.33
3.15 ± 0.42 3.52 ± 0.69 5.71 ± 1.35
2.68 ± 0.60 2.49 ± 0.73 5.51 ± 1.05
0.49 ± 0.05 0.48 ± 0.02 4.41 ± 2.08
0.46 ± 0.10 0.92 ± 0.25 1.13 ± 0.54
0.59 ± 0.08 0.36 ± 0.01 0.42 ± 0.14
e assays against NPN with standard deviation (S.D.). Kdiss are apparent
ree probe concentration and Kd the measured dissociation constants of
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octa-2,6-dienal and 3-phenyl-2-propenal, which are the best
NPN competitors of this class of compounds, K62A and
K82A mutants behaved like hOBP-2A, whereas K112A mu-
tant exhibited a signiﬁcant decrease of aﬃnity, with Kdiss val-
ues of 6.93 and 4.77 lM, respectively. For other less eﬃcient
benzenic and heterocyclic aldehydes, all the three mutants be-Fig. 3. 3D model of hOBP-2A and sequence comparison of vertebrate OBP
Lys112 in the binding pocket. (B) Vertical section of hOBP-2A binding pock
Lys82 (stick representation) are coloured according to element type. (C) Ami
known binding speciﬁcity. Amino acids are numbered from the ﬁrst Leu of th
Q9NY56), RnorOBP1 (Rat OBP-1; EMBL code Q9QYU9), RnorOBP2 (Rat
code NM001033959), SsrcOBP (porcine OBP; EMBL code Q8WMH1), and
were aligned based on structural similarities. Residues involved in the bindi
Lys62, Lys82, Lys112 and conserved lysines in rat OBP-2 sequence are colo
(PDB code 10BP) and porcine OBP (PDB code 1A3Y) were deﬁned in [3,22haved like hOBP-2A with Kdiss values ranging between 3.26
and 6.70 lM (Table 1).
We also examined the impact of mutations on binding
capacities of hOBP-2A for aliphatic acids of diﬀerent size
(from 8- to 16-carbon chain length). In the case of fatty acids
with a chain length greater than 12-carbons, hOBP-2A and the
three mutants showed approximately the same ability to dis-s. (A) Ribbon drawing of hOBP-2A model showing Lys62, Lys82 and
et showing Lys112 interacting with undecanal. Undecanal, Lys112 and
no acid sequence alignment of hOBP-2A with other vertebrate OBPs of
e mature sequence of hOBP-2A. OBPs are: hOBP-2A (Swiss-Prot code
OBP-2; GenBank code NM173148), RnorOBP3 (Rat OBP-3, GenBank
BtauOBP (Bovine OBP; EMBL code P07435). Amino acid sequences
ng pocket are represented white on a blue background. Lysyl residues
ured red on yellow background. Residues lining cavity of bovine OBP
], respectively.
L. Tcatchoﬀ et al. / FEBS Letters 580 (2006) 2102–2108 2107place NPN, with similar Kdiss values, clustered between 0.36
and 1.13 lM (Table 1). Interestingly, for aliphatic acids from
9- to 12-carbons, while K62A and K82A mutants and
hOBP-2A displayed similar binding properties, K112A was
shown to ineﬃciently bind these compounds, with Kdiss values
between 4.41 and 5.71 lM.
3.5. Molecular modelling
In absence of experimental crystallographic data, 3D molec-
ular modelling of hOBP-2A has been performed using human
tear lipocalin as a template [10] because it exhibits 45.2% se-
quence identity and was demonstrated to interact with a broad
array of fatty acids [13]. The ﬁnal model was selected accord-
ing to energetic and geometric criteria and had the initial best
objective function before minimization. When superimposed
with its template, the backbone trace of the hOBP-2A model
displayed a 0.744 A˚ root mean square deviation on 132 Ca
atoms. The Ramachandran plot indicated that all residues pre-
sented u and w angles in the core of allowed regions and, most
bond lengths and angles were in the range of expected values.
The predicted structure of hOBP-2A exhibited a binding pock-
et with a volume of 620 A˚3 (approximate dimension 8 · 13 A˚).
The molecular model of hOBP-2A also revealed that Lys62 is
located at the entrance of the cavity, while residues Lys82 and
Lys112 are situated more deeply inside the binding pocket
(Fig. 3A). Docking experiments gave a set of undecanal posi-
tioning, complementary to the cavity of the binding pocket.
In 90% of undecanal conformations, the aldehyde function
was close to the Lys112 amine function, with a distance be-
tween both groups of 2.24 ± 0.76 A˚ (Fig. 3B).4. Discussion
With the aim of determining the molecular parameters guid-
ing the aﬃnity of hOBP-2A, K62A, K82A and K112A mu-
tants were generated. Careful analysis on hOBP-2A mutants
indicated that the expected mutations were the only alterations
of hOBP-2A. Competitive binding experiments performed
with aliphatic aldehydes and acids of diﬀerent size indicated
that Lys62 and Lys82 are not involved in hOBP-2A binding
speciﬁcity (Fig. 4). In contrast, they revealed that Lys112 is a
major determinant for the binding of medium size aldehydes
and small aliphatic acids. Moreover, docking experiments con-Fig. 4. Relationships between size and Kdiss of aliphatic aldehydes and acid
(Table 1) of hOBP-2A (s), K62A (h), K82A (n) and K112A mutants (d)
independent measurements and the error bars represent the S.D. of the mean
0.2, bars are not visible. Experimental conditions were those of Fig. 2.ﬁrmed that undecanal could be accommodated in hOBP-2A
binding pocket with its aldehyde function forming H-bond
with the amine function of Lys112.
Interestingly, we also observed that hOBP-2A and K112A
mutant exhibited similar capacity to bind tridecanal (13-car-
bon chain length) and larger fatty acids (14- and 16-carbon
length), suggesting that these compounds bind onto hOBP-
2A without involvement of Lys112. Hydrophobic interactions
are likely the main forces driving the binding of these com-
pounds. Because hOBP-2A exhibited an aﬃnity increasing
with the size of aldehydes from 6 to 13 carbons, excepted dode-
canal (12-carbon chain length), which showed a weaker aﬃnity
(Fig. 4 and Table 1), we can speculate that dodecanal is too
large to interact with Lys112, whereas it is too small to make
eﬃcient hydrophobic interactions. Our binding data also re-
vealed a weaker aﬃnity for benzenic and heterocyclic alde-
hydes (Table 1) suggesting a strong correlation between the
bulkiness or the degree of unsaturation of the diﬀerent alde-
hydes and their aﬃnity with hOBP-2A. We can hypothesize
that the rigidity of these aldehydes hampers the interaction
of aldehyde function with the amine function of Lys112.
We were surprised to found that neither Lys62 nor Lys82,
both located at the rim of the calyx, were involved in binding
of aldehydes and aliphatic acids. Indeed, using crystallo-
graphic analysis, bovine b-lactoglobulin has been shown to
interact with palmitic acid within its central cavity, involving
an H-bound between the fatty acid and Lys69, located at the
open entrance of the cavity [14], although these data have been
controversed [15,16]. Using a combinatorial protein design ap-
proach, Skerra and coworkers created artiﬁcial lipocalins
called ‘‘anticalins’’ with novel ligand speciﬁcities [17,18].
Hence, they showed that residues located within the four loops
at the entrance of the b-barrel have a deep impact on the bind-
ing speciﬁcity of the new designed lipocalins. In addition,
a1-microglobulin, which is a plasma lipocalin, has been dem-
onstrated to carry chromophores covalently attached to three
lysyl residues also near the entrance of the lipocalin pocket
[19]. All these observations are in contrast to our demonstra-
tion that a lysyl residue, buried in the ligand binding pocket,
is involved in the binding speciﬁcity of hOBP-2A.
Binding speciﬁcities of OBPs have been extensively investi-
gated in some vertebrates. In rat, 3 OBP subtypes have been
reported to be tuned towards distinct chemical classes of odor-
ants. Rat OBP-1 preferentially binds heterocyclic compoundss. Dissociation constant resulting from NPN competition experiments
for aldehydes and fatty acids. Data are an average of at least three
derived from the diﬀerences between the measurements. For S.D. under
2108 L. Tcatchoﬀ et al. / FEBS Letters 580 (2006) 2102–2108such as pyrazine derivatives and OBP-2 appears to be more
speciﬁc for long-chain aliphatic aldehydes and carboxylic
acids, whereas OBP-3 was described to interact strongly with
odorants composed of saturated or unsaturated ring structures
[6]. In contrast, porcine and bovine OBPs were demonstrated
to bind a broad range of odorants belonging to various chem-
ical classes including aldehydes [20,21]. Crystal structures of
these OBPs complexed with odorant molecules revealed that
odorant molecules, including undecanal, interact in the cavity,
with alternative conformations revealing absence of speciﬁc
interactions [3,22]. Alignment of amino acid sequences of
OBPs of known binding speciﬁcity revealed that none exhibit
any charged amino acids in their binding pocket (Fig. 3C), ex-
cept hOBP-2A and rat OBP-2 which both possess Lys82 and
Lys112 residues. Interestingly, hOBP-2A and rat OBP-2 share
a common narrow binding speciﬁcity tuned towards aldehydes
and fatty acids. The conservation of Lys112 is in agreement
with our demonstration of a crucial role of this lysyl residue
in hOBP-2A binding speciﬁcity and we can speculate that rat
OBP-2, uses a similar mechanism for aldehyde binding.
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